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Abstract
Background: Humans maintain constant body temperature within a wide range of changes in external
environment. Core body temperature is maintained within narrow range; Enzyme systems in the body have narrow
temperature ranges in which they function optimally for caring out different activities in the body as metabolism,
conduction of nervous function and skeletal muscle contraction. Perioperative hypothermia is one of the major
problems during surgery that can affect operated patients. It has been shown by different researchers that
Perioperative hypothermia will result in to various adverse events such as myocardial ischemia, coagulopathy,
delayed awakening and wound infections.
Objective: The objective of this study was to determine incidence of perioperative hypothermia and determinant
factors among patients operated in Gondar university hospital from March to April, 2015.
Methods: A prospective observational study was conducted to determine incidence of perioperative hypothermia
and associated risk factors among patients that underwent surgery in Gondar university hospital. All consecutive
patients from both elective and emergency surgery were included in this study.
Result: A total of 312 patients were participated in this study. The incidence of Pre, Intra and post-operative
hypothermia were 23.4%, 49.7% and 50.6% respectively. Use of general anesthesia (AOR=2.3), co-morbidity
(AOR=2.1), low body temperature before the start of anesthesia (AOR=4.7) and elective procedures (AOR=2.1)
were found to be independent predictors of intra-operative hypothermia.
Conclusion and Recommendation: The incidence of perioperative hypothermia is high in Gondar University
Hospital. Passive and active warming techniques should be implemented in the hospital.
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Background
Humans maintain constant body temperature despite of changes in
external environment [1]. Core body temperature is maintained within
narrow range; because enzyme systems in the body have narrow
temperature ranges in which they function optimally for caring out
different activities in the body as metabolism, conduction of nervous
function and skeletal muscle contraction [2].
Hypothermia is defined as core body temperature of <36°C. It could
be classified in to three as mild (35-35.9°C), moderate (34-34.9°C) and
severe when core body temperature is ≤ 33°C [3].
Patients under Anesthesia and surgery can have altered
thermoregulation due to different reasons. These mechanisms include
loss of normal response to heat loss (lack of shivering), increased heat
loss to environment when body cavity is opened to cold operation
room environment, cooling effect of cold anesthetic gases and reduced
body heat production due to reduced metabolic rate [4].
Heat can be lost during surgery by different mechanisms. There are
four means of heat loss. The dominant one is heat loss by radiation
which accounts for 60% of heat loss. Any objects with temperature
above absolute zero degree can lose heat to objects surrounding it [5].
The second means of heat loss is heat loss by convection which is
facilitated by temperature difference between the patient and objects.
This type of heat loss constitute for 20% of heat loss during surgery
[6].
Heat loss by conduction is another means of heat loss which occurs
due to direct contact of the patient with objects. Cold operation room
table and cold OR attires facilitate this type of heat loss [7].
Evaporative and respiratory tract heat losses are other means of heat
loss which are heat loss that occur via skin and respiratory tract.
Evaporative heat loss mainly occurs by use of cold skin preparation
solutions, while heat loss via respiratory system is facilitated by use of
cold and dry anesthetic gases [8].
Mild intentional hypothermia is sometimes induced in an attempt
to reduce cerebral and myocardial ischemia, but there are ample
evidences that showed that hypothermia will have many adverse
consequences on surgical patients [9].
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Hypothermia is one of common events during perioperative time
and can have different consequences that increase perioperative
morbidity and mortality. A core temperature of less than 34°C is
highly associated with mortality due to coagulopathy, metabolic
acidosis, multiple organ failure, hemodynamic instability and
infections [10].
Data on magnitude and local risk factors for perioperative
hypothermia is lacking in our Hospital, hence the objective of this
study was to determine incidences of pre, intra-operative and post-
operative hypothermia, and predictors of intra operative hypothermia.
Methods
A prospective observational study was conducted after obtaining
ethical approval letter from University of Gondar ethical review
committee.
Sample size was calculated using single population formula. P was
taken from previous study that showed proportion of hypothermic
patients in the post anesthesia care unit as 30.7%, taking 95%
confidence level and margin of error of 5% the minimum sample size
was determined to be 328 patients.
All consecutive patients on both elective list and emergency cases of
non-cardiac surgery during the data collection period (March to April,
2015) were included in the study except those patients with fever and
short procedures under local anesthesia. Body temperature was
measured using tympanic thermometer. Temperature was taken on
arrival, immediately after induction, then after every hour till the
procedure is finished. The post-operative temperature was taken every
hour up to 2 hours considering that patients stay on average in the
post Anesthesia care unit for 1-2 hours. This measurement was done
using tympanic thermometer. Tympanic membrane temperature
monitoring is often the preferred method in the preoperative and
perioperative areas. The tympanic membrane is close to the carotid
artery and hypothalamus and is a noninvasive and accurate measure of
core temperature [11] With regard to accuracy of tympanic
thermometer there are few data available, but one study conducted on
51 critically ill patients by comparing tympanic thermometer and
thermistor of right heart catheters and rectal mercury thermometers
showed that tympanic thermometer measurement is very accurate
when used properly [12].
Data entry and analysis was done using SPSS version 20 and micro
soft excel 2007. Tables and figures were used to describe descriptive
results. Binary Logistic regression was used to test each factor with the
dependent variable, and variables with P value of <0.2 were carried to
multi variant analysis. 95% C.I. and P value of <0.05 was used as a
cutoff point to test for significance of associations.
Result
Data was collected from 328 surgical patients, but only 312
questionnaires were taken for analysis. 6 patients were excluded
because they had elevated body temperature on arrival to OR and the
rest 10 participants were excluded because anesthetic duration was less
than an hour. The mean age of participants was 31.7 years with
standard deviation of 15.8. The proportion of female participants was
60%. Majority of participants were American society of
Anesthesiologists’ class I (ASAI) (85%). Forty four (15%) of
participants had co morbidity. The leading co morbidity was HIV
(34%). The mean BMI of participants was 21.2 with median of 21. The
mean operation room temperature was 24°C with standard deviation
of 1.9 (Table 1).
Variables Number Percentage
Age (years)
Birth to 12 months 5 1.6
Preschool 5 1.6
School age 14 4.5
Adolescent 28 8.9
Adult 251 80.4
Geriatrics 9 2.9
Sex
Male
Female
126
186
40.4
59.6
Residence
Rural
Urban
148
164
47.4
52.6
BMI(kg/m2)
<18.5 47 15.1
18.5-24.5 229 73.4
25-30 27 8.7
>30 5 1.6
Co-existing illness
Yes
No
44
268
14
86
Procedures
Head and neck 47 15
Upper abdominal 13 4.2
Lower abdominal 170 54.5
Thoracic 6 1.9
Extremity 42 13.5
Perianal 12 3.9
Others 22 7
Table 1: Socio demographic characteristics of surgical patients
operated in Gondar University Hospital, March 1, to April 30, 2015
(n=312).
Anesthetic and surgical characteristics of study participants
Abdominal procedures, both lower and upper abdominal are the
most commonly performed procedures in our Hospital, which
accounted for 193 (61.8%), followed by extremity procedures which
accounted 15%. With regard to invasiveness of the procedures, major
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procedures constituted 44.5%, moderate and minor procedures
constituted 46.8 and 8.6% respectively (Figure 1 and Table 2).
Figure 1: Common procedures performed in Gondar University
Hospital from March 1 to April 30, 2015 (n=312).
With regard to Anesthetic type 52.2% were given general anesthesia
and the rest were operated under Spinal anesthesia. From the general
anesthesia group, 22.1% were given ketamine as induction.
Thiopentone and propofol were used for 12.2 and 18.6% of
participants respectively. The mean anesthetic duration was 102
minutes with standard deviation of 63 minutes and the median
anesthetic duration was 80 minutes. The longest surgical and
anesthetic duration were 340 and 800 minutes respectively.
Incidence of perioperative hypothermia
On arrival to operation room, over all patients had normal body
temperature. The mean temperature on arrival was 36.3 with standard
deviation of 0.7. Incidence of hypothermia before induction was
23.4%, of which majority (79.5%) was mild hypothermia. The
incidence after induction of anesthesia was 30.5%. Most procedures
were completed within 1-2 hours. There were 90 patients whose
procedure time was between 2-3 hours and the incidence of
hypothermia during this time was 72%. From the total patients
enrolled to this study, there were only 24 procedures whose procedure
time reached 3-4 hours. The incidence of hypothermia during this
time was 87.5%.
The overall incidence of intra operative hypothermia was 49.7%. Of
which; mild hypothermia was seen among 37.5%, moderate and severe
hypothermia were seen among 10.3 and 1.9% respectively.
The overall incidence of post-operative hypothermia during this
study was 50.6%, of this, mild hypothermia constituted 57.7%.
Moderate and severe hypothermia were seen among 36.9 and 5.4% of
patients respectively.
Factors associated with intra-operative hypothermia
When adjusted for other variables, type of anesthesia used, presence
of co-existing illness, pre-operative temperature and urgency of
surgery were found to be factors associated with intra-operative
hypothermia. Accordingly the use of General anesthesia increased
incidence of intra-operative hypothermia by more twice as compared
to use of spinal anesthesia (AOR=2.3).
Variables Numbers Percentage
ASA Status
ASA I 265 84.9
ASA II 45 14.4
ASA III 2 0.6
Anesthetic type
GA 162 52
SA 150 48
Induction agent
Ketamine 59 22.1
Thiopentone 38 12.2
Propofol 58 18.6
Post-operative analgesia
Yes 186 60
No 126 40
Post-operative shivering
Yes 55 17.6
No 257 82.4
Urgency of procedure   
Elective 143 45.8
Emergency 169 54.2
Duration of Surgery
≤ 1 hour 119 38
>1hour 193 62
Intra operative blood loss  86.2
≤ 500 ml 269 13.8
>500 ml 43
Time of operation
Morning 119 38
Afternoon 78 25
Night 115 37
Table 2: Anesthetic and surgical characteristics among patients
operated at GUH from March 1 to April 30, 2015; (n=312).
Those participants who had medical problems in addition to the
surgical procedure were 2 times at risk to have intra operative
hypothermia as compared to those with no medical problem
(AOR=2.1). Low body temperature before induction has increased risk
of hypothermia almost 5 times as compared to those with normal base
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line temperature (AOR=4.7) elective procedures increased incidence
of intra operative hypothermia by 2.1 times (AOR=2.1) (Figure 2 and
Table 3).
Figure 2: Comparison of Anesthetic modes used for elective vs.
emergency procedures among patients operated in GUH, from
March to April 30, 2015.
Discussion
With regard to socio demographic aspect participation of female
patients was higher (54.5% vs 45.5%), but gender doesn’t show any
difference on incidence of hypothermia.
The incidence of pre, intra and post-operative hypothermia in this
study was 23.4%, 49.7% and 50.6% respectively. Intra-operative
hypothermia was observed in 155 (49.7%) patients with temperature
ranging from 33 to 35.9°C. This incidence is higher when compared
with study conducted by Arshad et al. in Pakistan, where incidence of
intra operative was 25%, but lower than the incidence of intra
operative hypothermia in study conducted by Ojas et al. in Australia
where the incidence was 74% [13,14], but it is within the expected
incidence range of perioperative hypothermia which is 50-90%.
Post-operative hypothermia was observed in 158 patients with a
temperature ranging from 32.5 to 35.9°C. This incidence is higher
when compared with studies done by Tadesse et al. and Luis et al.
which were 30.7% and 32.4% respectively [15,16]
Out of the variables considered in this study only urgency of the
procedure, co-morbidity; anesthetic type and preoperative
temperatures were found to be independent predictors for intra-
operative inadvertent hypothermia. Previous studies have shown that
age is an independent risk factor for perioperative hypothermia,
particularly neonates and older people were identified as those at
higher risk, but in our study age doesn’t show any association with
intra-operative hypothermia which may be because of low proportion
of these age groups in our sample [17].
Previous studies also have claimed that ASA class and amount of
intra venous fluids used are risk factors of perioperative hypothermia,
but in our study, we did not found a relation between these variables
[18].
In this study general anesthesia showed association with intra-
operative hypothermia. This can be discussed in different ways.
Variables Intra operative
hypothermia
COR (95%
CI)
AOR (95%
CI)
P value
Yes NO
Anesthesia type
GA 96 (62%) 67 (42%) 2.26 (1.39;
3.43)
1.84 (1.12;
3.01)
0.01
SA 59 (38%) 90 (60%) 1.00 1.00
Co morbidity
Yes 29
(18.7%)
15 (9.5%) 2.2 (1.12;
4.35)
2.1 (1.02;
4.4)
0.04
NO 126
(81.3%)
142
(90.5%)
1.00 1.00
Type of Surgery
Elective 93 (60%) 50 (31.8%) 3.21 (2.02;
5)
2.1 (1.25;
3.4)
0.005
Emergency 62 (40%) 107
(68.2%)
1.00 1.00
Pre-operative temperature
Normal
Temperatur
e
97
(62.6%)
142
(90.4%)
1.00 1.00 <0.001
Hypothermic 58
(37.4%)
15 (9.6%) 5.7 (3.03;
10.5)
4.7
(2.5;9.1)
Table 3: Factors associated with post-operative hypothermia among
patients operated in GUH, from March to April 30, 2015.
During general anesthesia there are three phases of heat loss; the
first phase is the quick sharp fall in core body temperature which is
seen during the first 40-60 minutes of anesthesia; where there is re
distribution of heat from core to periphery which is caused by vaso
dilatation caused by anesthetics. The second phase is a linear decrease
in core body temperature caused by difference between heat
production and loss and the last phase is the plateau phase caused by
vaso constriction [19] The rapid redistribution phase causes heat to be
redistributed from core to periphery that can decrease core
temperature by 0.5-1.5°C [20]. This is particularly risky in a set ups
where there are no warming devices, because the patient can further
lose heat from relatively warm periphery to the OR. General
anesthetics also decrease the triggering core temperatures for
vasoconstriction and shivering by 2°C to 3°C [4].
The use of regional anesthesia can also predispose to hypothermia
by causing redistribution and increasing threshold to thermo
regulatory responses as shivering, but the degree of redistribution is
less or limited to lower limbs, general anesthetics, particularly
propofol, Thiopentone and opioids decreases metabolic heat
production, whereas spinal anesthetics have relatively neutral effect on
metabolic heat production [21].
Presence of medical problem is one of predictors of intra-operative
hypothermia in our study. This is inconsistent with previous study
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conducted by Sumer et al. [21] where presence of co-morbidity didn’t
correlate with perioperative hypothermia [22].
Patients with low temperature before the start of anesthesia were
found to be more hypothermic compared with those with normal
baseline temperature. This finding is also supported with evidence
based guidelines which pointed that pre warming of patients at waiting
areas at least for 30 minutes using active warmers prevents inadvertent
perioperative hypothermia [23].
Operation room temperature was one of explanatory variables this
study considered, but it doesn’t show any association with intra
operative hypothermia.
In our study elective procedures were associated with intra
operative hypothermia, this is consistent with study conducted in the
same department by Tadesse et al. [16], but previous studies claimed
that emergency procedures were associated with perioperative
hypothermia, the possible explanation could be the use of combined
anesthetic technique (GA with regional nerve blocks) four times more
often for elective cases compared to emergency cases. This
combination was identified as a risk factor for perioperative
hypothermia by a study conducted by Macario and Franklin [24]. The
explanation for the increased incidence of hypothermia among
patients that received combined anesthetic could be the combined
effect of low heat production and increased threshold for shivering
caused by general anesthesia and peripheral vasodilatation in the
blocked limbs that increases heat loss to the environment.
Longer anesthetic and surgical times were claimed to increase
incidence of perioperative hypothermia. We had patients who were
normothermic at the beginning of the procedure, but became
hypothermic as the duration of the procedure prolonged (but not
supported by data). This could be due to exposure of body cavity to
cold operation room air particularly in our set up where there is no
warming facility.
Conclusions
The incidence of perioperative hypothermia is high in Gondar
University Hospital. Use of General anesthesia, co-morbidity, low
temperature before induction and elective procedures were associated
with intra-operative hypothermia in Gondar University Hospital.
Active warming devices should be used during perioperative time
particularly when combined techniques are used. Appropriate waiting
areas with warming facility should be prepared for all elective cases.
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